Results: Significant differences between enhanced and standard CBM-errors revealed that enhanced positive training was more effective at decreasing negative interpretations compared to the standard procedure.
Introduction
Changing cognitive bias is considered a powerful therapeutic mechanism for mood disorders. Cognitive Bias Modification that targets interpretation biases (CBM-I) is a computerised experimental method for modifying the interpretation of emotionally ambiguous information, and has shown promising therapeutic effects in subclinical and clinical disorders (Blackwell & Holmes, 2010; Lang, Blackwell, Harmer, Davison, & Holmes, 2012; Lang, Moulds, & Holmes, 2009; Lester, Mathews, Davison, Burgess, & Yiend, 2011; Yiend, Lee, et al., 2014; Yiend, Parnes, Shepherd, Roche, & Cooper, 2014) .
The core concept of CBM-I is to train people to interpret emotionally ambiguous information in a consistent direction, and CBM-I usually aims to shift spontaneously negative interpretations towards more benign or positive alternatives (Mathews & Mackintosh, 2000) .
The additional evidence that CBM-I can elicit mood, symptom and stress response changes has piqued interest in the development of CBM-I as a potential therapeutic tool.
Original versions of CBM-I were devised by Mathews and colleagues (Grey & Mathews, 2000; Mathews & Mackintosh, 2000) . For example, Grey and Mathews (2000) trained unselected participants to interpret an ambiguous homograph (e.g., stroke, batter) in either a threatening or a positive way, and found that practice in disambiguating these words resulted in similar interpretations being made when responding to previously unseen words.
Similar results were found in a study using more naturalistic material in the form of short emotionally ambiguous text passages related to social anxiety (Mathews & Mackintosh, 2000) . In this and subsequent studies using this method, researchers have found trainingcongruent interpretations are applied to new ambiguous materials, as well as effects on state anxiety, response to stress (eg. Wilson et al., 2006) and symptom reduction (Amir & Taylor, 2012) .
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Cognitive Bias Modification targeting cognitive errors (CBM-errors), was developed from the previously described text method. CBM -errors differs from previous versions of CBM targeting interpretation, in two main ways. First, the approach differs conceptually in that it broadens the content and cognitive processes targeted by training to go beyond interpretation of emotional ambiguity which are used by earlier versions of CBM for interpretation (CBM-I) . This is because CBM-errors was specifically designed to manipulate the cognitive error categories originally identified by Beck, known to be prevalent in depression, and targeted during cognitive therapy (Lester, Mathews, Davison, Burgess, & Yiend, 2011) . Second, the method seeks to improve the face validity of CBM content to reflect the full range and type of cognitive errors typically targeted in therapy. Thus, items
were not experimenter generated (as in previous CBM-I methods), but instead, were developed from specific exemplars generated in the clinic by clinicians practising CBT and their patients (see Lester et al for full details). Thus CBM-errors includes content which targets the 7 categories of cognitive errors identified by Beck and colleagues (Beck, Rush, Shaw, & Emory, 1979) ; selective abstraction, minimization, magnification, black and white thinking, personalization, overgeneralization and arbitrary inference (please see Yiend et al., 2014 for examples of modification items). A recent meta-analysis of CBM studies, however, indicated that the effect sizes of CBM are smaller than previously reported (Hallion & Ruscio, 2011) . In a subsequent study using CBM-errors in clinically depressed groups Yiend et al., (2014) found that a single session of CBM-error training increased positive interpretations but there was no significant change in mood or emotional reactivity to a stressor. As such, one of the key questions in CBM research generally, and for CBM-errors in particular, is what factors could enhance its efficacy? Investigating factors that enhance CBM effects could have significant therapeutic implications and is being called for throughout the field (Fox, Mackintosh, & Holmes, 2014) .
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We chose to focus on depression in the current study because CBM studies in depression are lacking although there is convincing evidence of a negative interpretive bias in depression (Lawson, MacLeod, & Hammond, 2002; Wisco & Nolen-Hoeksema, 2010 ). In addition the long term outcome of depression treated in primary care is worse than previously thought (Yiend et al., 2009) suggesting that developing new, low cost, widely accessible and effective interventions for depression is an increasing priority for services.
Several previous studies have already attempted to examine factors which might contribute to the efficacy of the CBM procedure. For example, the transfer effect of CBM training was larger in conditions requiring active generation and selection of emotional meanings, compared to passive exposure during CBM-I training (Hoppitt, Mathews, Yiend, & Mackintosh, 2010) . Others have demonstrated that using imagery rather than semanticverbal processing during CBM-I training is more effective in producing emotional change (Holmes, Lang, & Shah, 2009 ). However, none of these studies has examined the role of prospective (ie directed towards the future rather than the present) cognition in the effects of CBM-I.
Positive prospective cognition includes a tendency to expect favourable and hopeful life outcomes, and this is characteristic of healthy people who show optimistic biases about the future (Weinstein & Klein, 1996) . In contrast, depressed and dysphoric people show a lack of positive expectations about the future (MacLeod & Salaminiou, 2001) , and this is associated with suicidal ideations (Holmes, Crane, Fennell, & Williams, 2007; Williams et al., 1996) . MacLeod and Byrne (1996) examined the number of positive and negative future events generated by people with anxiety only, anxiety and depression and healthy controls.
Only those with depression, as well as anxiety, showed reduced anticipation of future positive experiences, whereas as both groups showed greater expectation of future negative experiences compared to controls. Similarly, MacLeod, Tata, Kentish, and Jacobsen (1997) M A N U S C R I P T
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found that a lack of positive future cognitions, but not an excess of negative future cognitions was observed in depressed patients. Miranda and colleagues (2008; provided supporting evidence that a lack of positive future expectations was associated with depression but not generalized anxiety disorder. Holmes, Lang, Moulds, and Steel (2008) also found that a highly dysphoric group appeared to show less vivid positive prospective imagery than a low dysphoria group. In line with previous evidence regarding the relationship between prospective cognition and emotional well-being, research proposes that cognition with a future time perspective might influence cognitive bias information processing (see Demeyer & De Raedt, 2014 for a review). That is, future time perspective cognitions, related to specific goals and motivational preferences lead to a preference toward positive information and away from negative information (Carstensen & Mikels, 2005) . Demeyer and De Raedt (2014) found limited evidence that a more expansive future time perspective was related to avoidance of negative information. Similarly, the Reconstructive Memory Model (RMM) and Valuation Model (VM) explain that repetitive practice of positive future-oriented scenarios (RMM) might promote attribution of lower risk estimates and allocation of processing resources to positive-oriented stimuli, which increases expectations for occurrence of the events one practice (VM) (Miloyan, Pachana, & Suddendorf, 2014) . Based on previous findings, it seems that prospective cognition/imagery might play a key role in emotional wellbeing and information processing.
The research reviewed above suggests that a deficit in positive prospective cognition might be specifically associated with depression and cognitive bias. When we think about the future, we mentally project ourselves forward to events using imagery (Suddendorf & Corballis, 2007) . This suggests that adapting CBM techniques to include the induction of positive prospective cognitions with imagery could be one way of improving the efficacy of CBM for depression. In the present study we set out to investigate this by comparing an 
Methods
Participants
Participants were recruited at King's College London via poster and circular emails.
Participants were informed that the aim of the present study was to investigate how future directed cognition was related to depressive relevant thought and mood. Inclusion criteria were English fluency and no history of psychiatric disorders, psychotherapy treatment or psychiatric medication and score within the range of minimum 0 and maximum 13 on the BDI-II. Two participants were excluded after data recording, and replaced with new recruits, for the following reasons: meeting exclusion criteria at the time of testing ( 1 >14 on the BDI-II); failure to complete the correct experimental protocol as designed. 2 The final dataset analysed comprised 80 participants, 31 males plus 49 females (M age = 25, SD = 7.89). This research was approved by King's College London Ethical Review Board (PNM/09/10-59).
Training material.
Fifty ambiguous text passages were taken from the CBM-errors training used by Lester et al. (2011) . Passages were presented in 7 blocks, with the presentation of each item within the block being randomized. Each block targeted one of the 7 categories of cognitive errors typical in depression: selective abstraction, minimization, magnification, black and M A N U S C R I P T
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white thinking, personalization, overgeneralization and arbitrary inference. Six neutral practice trials were run in order to ensure that participants understood the procedure before beginning the main trials.
Standard conditions (SP & SN).
Participants were asked to read the passages presented on the computer screen and do their best to think of themselves in the situations described. The passages were emotionally ambiguous but resolved either positively (without errors; SP) or negatively (with errors; SN). The participants were then asked to answer a comprehension question (YES/NO answer), followed by 8 seconds of continuing to think about the content of the passages ("concentrate on the words and meaning of the story now").
Enhanced conditions (EP & EN).
Participants in the enhanced condition were additionally asked to imagine a future event related to the passage during the 8 seconds after the comprehension question. Participants were given a reminder ("Something in the future, specifically positive (for the EP group), or specifically negative (for the EN group), and involving yourself"). An example of the enhanced CBM-errors training is depicted in Figure   1 .
INSERT FIGURE 1 HERE Duration of each training program was matched across the four conditions.
Measures
The Beck Depression Inventory II (BDI-II: Beck, Steer, Brown, 1996) was used to check depressive symptoms at the screening stage.
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Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988) : both trait measures of positive and negative affect were included to check that trait mood was comparable across the groups.
Life Orientation Test -Revised (LOT-R; Scheier, Carver, & Bridges, 1994) : LOT-R was measured at baseline to check the levels of trait optimism across groups. This was intended to ensure that any differences in prospective imagery after enhanced training were not attributable to trait optimism. This measure consists of 10 items (e.g., overall, I expect more good things to happen to me than bad) using a 4-point scale (1: strongly agree, 4: strongly disagree).
Visual Analogue Scales (VAS) were used to assess two aspects of mood ("how happy/sad do you feel right now") using two 10 cm continuous lines marked "not at all" at one end and "extremely" at the other, which participants marked to indicate their current state of happiness or sadness respectively. A higher score therefore indicates a greater level of the corresponding mood. The VAS showed a good reliability and validity to assess state mood (Abend, Dan, Maoz, Raz, & Bar-Haim, 2014; Cella & Perry, 1986) .
The Similarity Rating Test (SRT; Mathews & Mackintosh, 2000) measured interpretative bias using 14 items corresponding to two each of the seven categories of cognitive errors (Beck et al., 1979) . Two parallel versions of the SRT were used in counterbalanced order before and after the training program. The task is composed of two parts: the encoding of ambiguous descriptions followed by the recognition rating of possible interpretations. In the encoding part, 14 ambiguous passages commonly experienced in daily life, that could be interpreted in a negative, positive or neutral way were presented on a computer screen, each being preceded by an identifying title. A neutral comprehension question (having a yes or no answer, but that did not resolve the ambiguous emotional meaning) followed each description. The order of story presentation was randomized. In the M A N U S C R I P T
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Effects of Prospective Cognition on Cognitive Bias Modification 11 subsequent recognition part, participants were presented with two disambiguating target sentences (one was a positive or non-error interpretation and the other was a negative or error interpretation) as well as two foil sentences implying either a positive or negative meaning but that did not represent a possible interpretation of the description. Participants were instructed to rate each sentence on how similar it was to the meaning of the original ambiguous description on a scale from 1 to 4 (1 = very different, 4 = very similar). The SRT has been widely used and known to be sensitive to detect interpretive bias in previous CBM studies (Lester et al., 2011; Mackintosh, Mathews, Yiend, Ridgeway, & Cook, 2006; Mathews & Mackintosh, 2000; Yiend, Lee, et al., 2014; Yiend, Mackintosh, & Mathews, 2005) .
Filler task. An emotionally neutral paragraph with two comprehension questions was presented as a filler following training, designed to reduce any transient emotional differences induced during modification.
Procedure
Potential participants were sent the information sheet and BDI-II for screening purposes, and then given an appointment. On arrival, participants were given an information sheet and had the opportunity to ask questions about the study before giving written consent.
Once the consent form had been completed, participants were randomly allocated to one of the four groups using an EXCEL program: SP, SN, EP and EN, and then completed baseline measures comprising: PANAS, LOT-R, VAS and SRT. They then completed the training program using the CBM-errors program according to assigned group (SP, NP, EP and EN).
Immediately following training participants further VAS mood scales to assess the effect of training on state mood, followed by the filler task to equalize mood prior to cognitive testing.
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A third VAS mood check was therefore completed after the filler to verify this, followed by the second version of the SRT. Finally, they were debriefed and thanked for their participation. The whole experiment took 1.5 to 2 hours and included additional measures to be reported elsewhere.
Results
Participant Characteristics
Randomisation to group resulted in the following number of participants in each:
SP=20, SN=20, EP=20, EN=20. To check that no differences existed between groups prior to the experiment, an analysis of variance was conducted using Group ( Outliers and the normality of the data was checked prior to analysis using skewness, kurtosis values and visual inspection of histograms and box plots.
Effect of training on state mood
Mean scores of happy and sad mood, respectively, were entered into a 2 (Group: SP vs. EP or SN vs. EN) x 2 (Time: baseline, immediately after training) repeated measures ANOVA, with group as the between subjects factor, and Time as the within-subjects factor. This confirmed that any emotional differences between the training conditions that had been induced via the CBM-errors training were successfully dissipated by the filler task.
State mood after filler task
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Similarity Rating test. A mixed design 2 x 2 x 2 x 2 ANOVA was administrated, Sentence type x Valence, F(1, 38) = 3.91, p = .055, ηp2 = .09. However, since none of these 3 To address the question of whether the standard training produced the expected significant effects, we computed difference scores between (positive) non-error and (negative) error sentences and then tested whether these difference scores would yield a significant difference across the standard conditions (standard positive vs. standard negative). We found a significantly greater difference scores for positive than negative training conditions at posttest, t(38) = 2.14, t<0.05, but not at pre-test, t<1. This result indicates that there was indeed a significant training effect: the difference between non-error and error target sentences was greater following standard positive training than standard negative training (mean difference score = +1.80 for the standard positive and -0.31 for the standard negative).
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could directly speak to our key hypotheses (which required either the significant four way interaction, or a significant Group x Valence x Time interaction) they were not further interpreted.
[Insert Table 1 about here] [Insert Figure 2 about here]
Vividness across CBM-errors training
Participants were asked to rate the vividness of scenarios at the end of each block of CBM-errors training (every 7-8 items). One way ANOVAs were conducted to test whether there would be significant group differences in these ratings. A significant difference was found in both vividness, F(3, 75) = 14.27, p < .001, and positivity, F(3, 75) = 10.39, p < .001.
Further contrast analyses revealed that the EP group rated the levels of vividness higher than the SP, t(76) = -2.09, p = .04; SN, t(76) = -6.23, p < .001, and EN groups, t(76) = 4.09, p < .001. The EN group also exhibited a significantly higher vividness than the SN group, t (76) = -2.14, p = .036. These results indicate that the enhanced groups, compared to the standard groups, used more vivid imagery during the training.
Discussion
Recent studies have drawn attention to the need for further investigation of ways to enhance the efficacy of CBM, if future clinical application is to be effective. As depression is characterized by a lack of prospective positive cognition, this is one obvious candidate mechanism which may improve CBM techniques aimed at depression. In the present study we therefore investigated whether including a component of prospective cognition with imagery would add to the efficacy of one particular CBM variant, CBM-errors. To test this hypothesis, CBM-errors with the addition of prospective cognition with imagery, was compared with the standard version of CBM-errors. We examined effects on state mood M A N U S C R I P T
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(happy, sad) and interpretation of novel emotionally ambiguous information. The enhanced positive CBM procedure was more effective at decreasing negative interpretations than the standard procedure; therefore, hypothesis 2 was partly supported. This observed effect was not attributable to any mood effects that were carried over from the CBM training, as there were no significant mood differences following the filler task. The effect on state mood was not supported (hypothesis 1).
The current finding is broadly consistent with previous studies examining the role of imagery on interpretation biases (Hirsch, Clark, Williams, Morrison, & Mathews, 2005; Hirsch, Mathews, Clark, Williams, & Morrison, 2003) . Hirsch and colleagues found that social phobia is associated with a failure to generate the normal positive interpretation bias that is observed in healthy controls, and suggested that the lack of positive interpretation might be because negative self-imagery or the negative content of imagery may block the creation of positive interpretations (Hirsch, Clark, & Mathews, 2006; Hirsch & Mathews, 2000) . Indeed, there was evidence that holding the image of a successful interview appeared to be effective in blocking the generation of threatening interpretations of ambiguous social situations in socially anxious participants (Hirsch et al., 2005) whereas negative self-imagery was related to a lack of making benign inferences (Hirsch et al., 2003) . Other studies have shown that induced positive and negative inferential bias (Hirsch, Mathews, & Clark, 2007) or access to positive or negative meanings of homographs (Hertel, Mathews, Peterson, & Kintner, 2003) influenced imagery. These results suggest that imagery and interpretive bias may reciprocally influence each other (Hirsch et al., 2006) .
How did the enhanced CBM condition yield additional effects in decreasing negative interpretation bias, compared with the standard CBM condition? Under the same condition between the standard and enhanced groups, we additionally asked the participants in the enhanced group to imagine a future situation related to the event they previously read. As (Carstensen & Mikels, 2005; Demeyer & De Raedt, 2014) .
On the other hand, in the previous study with a clinical population, Yiend, Lee, et al. (2014) also added a prospective cognition component during CBM-errors training, and found that the intervention group showed increased positive bias compared to the control group.
However, the authors were unable to confirm whether the impact of CBM-errors training on positive bias was due to the additional prospective cognition component or CBM-errors training itself as they did not directly test the effect on future-directed cognition. The present study and Yiend, Lee, et al. (2014) used different instructions regarding prospective cognition; we provided explicit "future" word cues and promoted active self-generation using prospective imagery whereas Yiend, Lee, et al. (2014) provided predefined positive sentence stems for future-directed imagery related to previously read descriptions, along with picture images, followed by 5 seconds to allow for the generation of positive thoughts. Therefore, Yiend, Lee, et al. (2014) Finally, participants, regardless of training type (SN, EN), became less happy and more sad in the negative training conditions. This indicates a global effect of negative CBM training on state mood, regardless of additional ingredients. Interestingly this was not the case for the positive training conditions. Given the nature of a single session in the present study, future research should look at whether creating specific future expectations with more prolonged practice would yield a significant impact on mood.
This study had a number of limitations; however, it has also opened up a number of avenues for further research. First, the current study included a relatively small number of training trials. Previous studies with a single CBM-I session included around 100 passages (Mathews & Mackintosh, 2000) , whereas our session included only 50 passages. Including baseline assessments prior to CBM manipulation is essential for adequate methodological M A N U S C R I P T Although some practice was given, this may not have been enough to encode a relatively complex concept. Exercises focussing on how to mentally project prospective events in mind could be helpful. We did not check emotional vulnerability to a stressor. We were, therefore, unable to detect how much our enhanced CBM training might protect the participants from mood deterioration in response to stress induction. Finally, we informed the participants of the aim of the experiment (to investigate the relationship between prospective cognition and mood), therefore we cannot rule out the expectancy or demand effects of CBM training although the participants were blinded that our study was a kind of therapeutic training. In 
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